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Directlonally solidified and single crystal superalloys which are intended

for use as turbopump blade materials are anisotrop_c, both elastically and

plastically. Therefore, isotroplc constitutive models must be modified. Sev.

eral models which are now being developed are based on metallurgical theoF_es

of deformation in these types of alloys. However, these theories have not been

fully justified, and the temperature and strain regimes over which they may be

val_d are poorly defined. The objective of thls work is to study the deforma

tion behavior of the alloys, in order to determine the validity of these models

and to thereby support the ongoing research efforts in solid mechanics.
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F i g u r e  1. - PWA 1480 i n i t i a l  m i c r o s t r u c t u r e .  
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ClassicaiPlasticity Theory
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Ftgure 2. Constitutive modeling.
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llgure 3. PWA 1480 at 1600 °F - after K.P. Walker and E. Jordan.
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Figure 4. - Unified crystallographic approach.

Crystallographic approach requires physical validation

-Active slip systems

-Cube slip only observed in 7'

-Slip planarity

-Deformation mechanisms

Figure 5.
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7o = bPo,_ __L o.oo6_;

7' must be "overcome" for substantial plasticity

Figure 6. - Deformation mechanisms.

Possibilities:

1. Looping

2. Shearing

_L

3. Climb-assisted Bypass

_L

F _gure I.
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Figure 8. - PWA 1480 yield strength (0.05 percent offset) versus

empera _u re.
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Figure 9. - PWA 1480 modulus normalized

yield; strength versus inverse tem-

perature.
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ORIGINAL PAGE W 
OF POOR QUALITY 

F i g u r e  10. - Y '  S h e a r i n g  by s l i p  bands a t  low 
temperatures (0.1 p e r c e n t  c P ) .  
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ORGPNAL PAQF: IS 
OF POOR QUALITY 

- Figure 1 1 .  - Shear offsets parallel to b.  
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ORIGINAL PAGE IS 
OF POOR QUALITY 

Figure 12. - Typical tensile fracture surface. 
( D . S .  Mar-M 246 tested at room temperature.) 
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13. - Low temperature 
ey-Kear, Huther-Reppich). 
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Figure 14. - Y' Bypass at high temperatures 
(0.3 percent cP). 

Figure 15. - Interfacial network of disloca- 
tions developed at 1093 "C after about 
0.25 percent cP. 

ORIGINAL PAGE IS 
OF POOR QUALITY 
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OR161NAL PAGE IS 
OF BOOR QUALITY 

Figure 16. - High dislocation density at failure 
at 871 "C. 

Climb is rate-limiting step 

-Controlled by diffusion 

Figure 17. - High temperatures (Brown 
and Ham, bypass model). 
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Figure 18. - PWA 1480.
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Figure 19. - Mar-M 246.
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ORIGINAL PAGE rs 
OF POOR QUALITY 

0.5 p e r c e n t h i n  

1 50 p e r c e n t h i n  

Figure 20. - 927 'C, = 0.1 percent ,  N = 4 .  
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Figure 21. - Mar-M 246 deformation 
structures after low cycle fatigue at 
927 OC.  

Original unavailable at time of printing. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

F i g u r e  22. - PWA 1480; 20 O C ,  

AE,, = 0.05 percen t ,  N = 4 .  
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F i g u r e  23. - Sur face  s l i p  t r a c e s  
a f t e r  low c y c l e  f a t i g u e  a t  
705 O C ,  Mar-M 246.  

O r i g i n a l  unava i lab le  a t  t ime  o f  p r l n t l n g .  
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Deformation during creep,

uniaxial tension and LCF essentially similar

-By-pass at 927 °C

-Shearing at Lower Temps

Ftgure 24.

Implications

-Unified models justified

-No sheafing in (001) crystals at 927 °C

-(123) tests to come

Ftgure 25.

8]


